The present study aimed to determine the quality of honey marketed in the State of Alagoas, Brazil. 
INTRODUCTION
Honey is a complex mixture of sugars (35% glucose, 40% fructose, and 5% sucrose) and highly concentrated organic acids, enzymes, vitamins, flavonoids, mineral and a wide variety of organic compounds that contribute to its characteristics sensory and nutritional (Serrano, 1994) . Its composition depends on the nectar of the components of the production plant which it gives the product its specific characteristics.
Honey is an acid food, with low humidity and water activity. Its viscosity is high due to high concentrations of sugars, and osmotic pressure. These conditions make honey slightly favorable substrate for microbial development. However, it may be caused by the bee microflora itself, lack of hygiene in the extraction and processing, including pollen, floral nectar, dust, dirt and the body itself and bee digestive tract, as well as fungi and some bacteria (Snowdon and Cliver, 1996; Bogdanov, 2006; Rissato et al., 2007; Rial-Otero et al, 2007; Kujawski and Namiesnik, 2008) .
Another factor rarely considered is the length of the production cycle. The time of flowering station can interfere with the microbiological quality of honey since in *Corresponding author. E-mail: tesfalem2002@gmail.com.
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The osmophilics microorganisms comprise those able to grow and multiply in honey (Ward and Trueman, 2001) ; other microbial groups which can be found in honey are spore-forming bacteria. These microorganisms can be directly related to the deterioration of the product, production of enzymes, toxins, metabolic conversion of food, the production of growth factors (vitamins and amino acids) and inhibition factors of competing microorganisms (Silva et al., 2008) . Usually acidic, high water activity and high humidity are the main factors responsible for the development of these microorganisms (Bogdanov, 2009) . The microbiological analysis to determine which and how many microorganisms are present are of fundamental importance to know the hygiene conditions in which food was prepared, the risks that food can offer the consumer health and life span required. This analysis is necessary also to verify that standards and microbiological specifications for foods, domestic or international, are being met adequately.
Honey is subject to variations in its aroma, taste, color, viscosity and medicinal properties. However, these features can also be modified by tampering the generation by unreliable sources who misuse the product, adding in composition lower commercial substances and nutritional value (Ribeiro et al., 2009) . Tampering is generally carried out with the addition of other carbohydrates, particularly sugars such as commercial glucose solution or sucrose syrup and invert sucrose solution, from cane or corn .
These changes are detected by domel physical-chemical analysis, as in the case of qualitative analysis of hydroxymethylfurfural (Reaçãode Fiehe) which, when in high concentration shows the heating of honey, or addition of sugar syrups or artificial feeding of bees honey. Bodganov et al. (1997) reported that honey damage caused by heating can be evidenced by determining the HMF content and activity of the diastase, since these parameters together are used as indicators for intensive heating (Ramirez et al., 2000) . According to Wiese (2000) , the lugol test reaction indicates the adulteration of starch and dextrin which does not occur in pure honey. Another analysis is pH, which when below or above the level permitted, can favor the growth of bacteria, which can spoil the honey and affect the quality, as well as the acidity analysis when at high level.
The objective of this study was to evaluate the Apis mellifera bee honey quality marketed in the state of Alagoas-Brazil through analysis of microbiological and physical-chemical parameters.
MATERIALS AND METHODS
The experiment was conducted in the microbiology laboratory at the University of Alagoas, where they were examined.
Processing of samples
Twenty five grams of each sample (were aseptically collected and added with 225 mL of 0.1% sterile peptone water (SPW ), that had 1:10 dilution, were homogenized in shaker orbital at 2,000 rpm for 30 min. The total mesophilic aerobic and psychrotrophic bacteria counts were carried out in pour plate using plate count agar (PCA)
followed by incubation at 35°C for 48 h for mesophilic bacteria.
Coliforms at 35 and 45°C were counted through the most probable number (MPN), with three sets of three tubes. Lauryl sulfate tryptose broth (LST) was used as a presumptive medium and incubated at 35°C for 24-48 h. After reading, the positive tubes were transferred to brilliant green bile broth (2%, GB) and EC broth. Then was incubated at 35°C for 24-48 h; for confirmation of total coliforms and EC broth tubes, they were incubated in a water bath at 45°C for 24 h for confirmation of thermotolerant coliforms.
The homogenate used for microbiological characterization was subsequently used for the isolation of bacteria. Isolation of Clostridium was performed by seeding 1 ml each decimal serial dilution in triplicate in 10 mL of Cooked Meat Medium (CMM); the tubes were immediately moved to a water bath at 65°C for 30 min in order to inactivate the microorganisms spore. The samples were incubated at 35°C for seven days.
After the incubation period, the cultures were observed for turbidity, gas production, and digestion of meat particles in broth. Cultures with insignificant growth were reincubated in the oven at the same temperature previously used for three days, completing a maximum period of ten days. Cultures still without growth were discarded because they were considered negative.
The positive samples were subjected to Gram's method for detection of Gram-positive bacilli sporulated or not. Positive cultures were seeded to Petri plates containing Anaerobic Egg Yolk Agar (AEY) and incubated anaerobically in Colorina pot, at 35°C for seven days. Typical obtained colonies were re-isolated in plate in duplicate in medium containing AEY and each incubated aerobically and anaerobically at Colorina pot; both at 35°C for 48 h.
Later blades were made for the plates for staining by the gram method to detect Gram-positive bacilli.
The isolation of yeasts and molds was carried out using 0.1 mL of seeding on the surface of each agar dilution dicloran Rose Bengal Chloramphenicol, followed by incubation at 25°C for five days. The colony forming units were calculated using the following formula:
Where, X = average of each dilution, DF = dilution Factor and V = The results were submitted to descriptive statistics (mean, standard deviation and coefficient of variation). For statistical analysis, logarithmic transformation (log10) was used for mesophilic microorganisms count, MPN of coliforms, molds and yeast to in order to normalize the distribution frequency. However, the honey production and processing involves different steps through which some microorganisms can survive or even multiply. Primary sources of microbial contamination probably include the pollen, the digestive tracts of honeybees, dust, air, earth and nectar -sources that are very difficult to control. The same secondary (post-harvest) sources that influence other food products are also sources of contamination for honey. These include air, food handlers, cross-contamination, equipment and buildings. Secondary sources of contamination are controlled by good manufacturing practices (Kačániová, 2004; Olaitan et al., 2007) .
RESULTS AND DISCUSSION
The Brazilian legislation (Brazil, 2000) does not set values for mesophilic aerobic bacteria in honey but establishes only that you follow good hygiene practices in handling and processing of this product because entire microbial load in honey can indicate the possible presence of pathogens. Therefore, the default score has been used as an indicator of hygienic quality of food, including the cleaning, disinfection and control of environmental health during processing, transport and storage, and providing also of idea about its useful shelf life.
The results were superior to those obtained by Malika et al. (2005) and Schlabitz et al. (2010) and lower than those presented by Melo (2013) . According to Snowdon and Cliver (1996) variation in the number of bacteria seems to depend on the type of sample, the age and the honey harvest time. These vegetative forms can be made by secondary contamination which would also explain the high counts sometimes found in honey.
The results obtained for standard counting of molds and yeasts showed that 20% of samples had values above the maximum established by the Brazilian technical standards for food, RDC 012 (Brazil, 2001) , being considered unfit for direct human consumption. Snowdon and Cliver (1996) found that yeast is one of the most important microorganisms that interfere with the quality of honey. Typically this yeast presence in the samples, can be detected in high concentrations; they survive under acidic conditions and are not inhibited by sucrose. These osmophilic yeasts (tolerant sugar) represent a problem in honey industry because they have the ability to grow at low water activity.
The contamination in honey may occur naturally, where the fungi are brought to the hive by bees or by the absence of the use of good apicultural practices during handling of the hives; it is worth emphasizing the importance of continuous monitoring throughout the honey processing, to ensure the marketing of a reliable food.
The presence of yeasts and molds is generally accepted for all honey, however the biggest problem is related to fermentation of the product, resulting in the hydrolysis of sugars to produce alcohol and carbon dioxide, changing the taste and the flavour of honey (White Jr, 1978) .
In fresh honey, the number of yeasts and molds is generally low, but under certain conditions these organisms are able to multiply in honey during storage, especially in honeys with high moisture content and water activity (Martins et al., 2003; Iurlina and Fritz, 2009; Kačaniová et al., 2009; Carvalho et al., 2010; Różańska and Osek, 2012) . Jimenez et al. (1994) observed a significant increase in the number of yeasts and molds with storage time.
Other work related to the quantification of microorganisms in honey found similar results. In Cameroon honey samples, Tchoumboue et al. (2007) found the presence of contamination by microorganisms in more than 73.4% of the samples, attributing this contamination to post-harvest processing or tampering of the product, since their witness honey sample did not show these levels of contamination. Finola et al. (2007) determined that lower count of 1.0x10 CFUg -1 in molds and yeasts in all samples.
The results observed for coliforms at 35°C, suggest a failure to follow good practices of manipulation of honey and that the presence of these microorganisms also constitutes an indicator of the possible presence of other pathogenic microorganisms that are more difficult to detect. The presence of enterobacteria in total honey originates from fecal contamination which is evidence of poor condition of extraction and processing and their own marketing.
The results coincide with those obtained by other authors. Gomes et al. (2010) isolated Salmonella spp., Coliforms and E. coli in Portugal at a 34% rate; Kokubo et al. (1984) analyzed 70 samples of honey and isolated Barth (2004) when there is shortage of flowers, bees can forage in the most diverse substrates, from fungal colonies through soil, clay and even matter organic fecal origin. Based on this, it is desirable that areas close to breeding sites are free from other ranchers activities such as the creation of other animals. Matos et al. (2011) found that honey samples collected from hives that had potential contamination sources in the environment such as cattle dung, showed high counts of these microorganisms.
For the detection of Clostridium sulfite reducers in the samples, analyzes were performed by means of cooked meat; after the incubation period, 13 samples were discarded by negative results, they were: MC1, MC2, MC3, MC5, MM6, MM7, MM8 , MC10, MC11, MC12, MC13, MC14, MC15; the cultures in which they observed turbidity, gas production, digestion of meat particles in the broth represented a total of 13.3% of the samples and these were subjected to Gram's method for detection of Gram-positive bacilli sporulated or not.
The two positive samples were stained by the Gram method, and the presence of Gram-positive bacilli were detected and then were passed to the Petri dishes containing the AEY, incubated aerobically and anaerobically and submitted again to the Gram stain for confirmation of Gram-positive bacilli. The results are shown in Table 2 .
The results of this study demonstrate the presence of sporulated bacteria in 13.3% of the samples identified by smear slide and stained by the Gram method, both under aerobic and anaerobic conditions. Biochemical tests showed that 15.26% were genus Clostridium and 84.64% of the genus Bacillus.
Although honey is a hostile environment for the growth of food-borne pathogenic bacteria, spores and vegetative latent forms may be present due to primary and secondary contamination. Spore-forming bacteria such as Bacillus cereus and Clostridium spp. are regularly found in honey. Pucciarelli et al. (2014) found the incidence of Clostridium and Bacillus (42.85 and 39% respectively) in yateí honey, Argentina. Ragazani et al. (2008) studying honey marketed in several Brazilian states found 39% sulfitereducing bacteria, and 11% were Clostridium genus and 28% of the genus Bacillus. 
The presence of bacteria of the genus Bacillus spp. honey would be expected, since there is a symbiotic relationship between these microorganisms and insects including bees (Nicholson, 2002) . C. botulinum is a bacterium of the bacterial type, straight or semi-curved, gram-positive spore, mobile, strictly anaerobic and has sulfite-reducing activity that is common in soil, air and environmental waters and can be found in various foods. This bacterium produces toxins that cause digestive and neurological disorders in the patient; the disease known as botulism is a very serious disease.
The incidence of C. botulinum spores in honey has been estimated in several studies. Sugiyama et al. (1978) , using the dialysis method of 241 samples of honey in USA, reported the presence of C. botulinum spores in samples originating from 18 States: California, Florida, Iowa, Michigan, Minnesota, Nebraska, Tennessee, Texas and Washington etc. In experiment conducted by Midura et al. (1979) , C. botulinum were isolated from nine samples from 90 honey samples analyzed. Among these, six samples were provided to infants, who developed the disease. Küplülü et al. (2006) isolated C. botulinum from 12.5% of the retail market honey samples in Ankara, Turkey. Ragazani et al. (2008) isolated bacteria from 11% of the samples; Schocken-Hurrino et al. (1999) detected C. botulinum in 7% of Brazilian honey samples.
The evidence of tampering were carried out according to the Analytical Standards Institute Adolfo Lutz. All analyzes were performed in triplicate. The results of the physical-chemical analysis are presented in Table 3 .
All samples had pH values ranging between 2.3 and 4.4; for enzymatic activity only two honey (13.3%) MC7 and MC10 showed positive result. Three samples (20%) showed a positive reaction to lugol. Regarding the Fiehe reaction, 73.3% of samples (11) were salmon-colored red cherry, that is positive reaction.
There is no national or international rules setting limits for pH (Silva et al., 2004) but it is a very important parameter for obtaining and honey storage for its influence on the development of microorganisms and enzymes. It also affects the physical properties of the product such as a texture, stability and resistance.
Variations in pH observed, according to Crane (1990) are probably due to peculiarities of the composition Floristics collection areas, since the pH of the honey can be influenced by the pH of nectar. In addition, differences in soil composition, or the association of plant species for final composition of honey, can also influence the pH of this product.
Substances present in the jaw bees are added during transport to the hive which can change this factor. All samples showed acid pH; the acids added by bees contribute to the taste of the honey and stability against microbial growth, and the main gluconic acid resulting from oxidation of glucose by glucose oxidase (Bogdanov et al., 2004) .
The most important enzyme in honey is invertase, also known as sucrase, whose function is to convert nectar honey, since it acts by hydrolyzing sucrose and generating final products, glucose and fructose (White, 1975) .
According to Huidobro and Simal (1984a) there are three very important enzymes for honey: amylase, invertase and glucose oxidase. The diastase activity in honey, usually quantified by α-amylase, is a quality factor that can be changed during processing and storage of honey, so it is used as heating and freshness indicator (Bogdanov et al., 2006) .
The diastase activity varies with the botanical origin of honey; many countries require minimum amounts of diastase or amylase activity, which is easily degraded by aging and the action of heat, disappearing half its content in 17 months at room temperature. However, when interpreting the results of diastase activity, one must consider that some monofloral honeys such as the citrus have a natural low activity (Huidobro and Simal, 1984a) , implying an analysis that has limited power as deterioration indicator (Bogdanov et al., 1997) . Lugol reaction yielded positive results indicating the presence of starch and dextrin in three (20%) samples. Honey is formed carbohydrates composed of mono-and oligosaccharides obtained from flower nectar, which does not have in its composition polysaccharides such as starch. The reaction with Lugol's shows the presence of starch (large molecule formed by the union of several hundred glucose molecules / natural energy reserve of the plants) and dextrin (polysaccharide class of low molecular weight) in honey. The positive result is indicative of adulteration of the product with starch and dextrin.
Regarding the reaction Fiehe, 73.3% of the samples had salmon color red cherry, that is positive reaction to the test, being at odds with Brazilian legislation (Brazil, 2000) . The hydroxymethylfurfural (HMF) is not a normal component of honey; it is a cyclic aldehyde formed at room temperature by fructose dehydration in acid medium (pH 3.9), a process that is accelerated by heating or storage at elevated temperatures (Huidobro and Simal, 1984b) .
The content of HMF, is directly related to the heat that has undergone honey and the degree of aging (Bosch and Serra, 1986) . Its presence causes the browning interactions with amino compounds and sugars, undergoing polymerization and rearrangement in the presence or in the absence of oxygen. The results indicate that these samples may have been subjected to overheating conditions, high temperature or stored with addition of sugar syrup or corresponds to an old honey. The HMF concentration is also associated with the existing enzyme activity, so that those honeys with low index diastases possibly have high numbers of hydroxymethylfurfural which would be indicative of improper storage.
Conclusion
At the end of this study, it was observed that none of the samples showed all microbiological and physico-chemical parameters within acceptable limits. With tamper analysis, it was observed that there is a need to identify factors that result in overheating of these samples so that preventative measures can be taken, since in these cases important properties of honey may be lost. The quality of honey can be affected by management during harvest, thus the beekeeper must perform the appropriate procedures from the time of withdrawal of honey from hives to transportation of the extraction unit, in order to interfere as little as possible with the hygienic sanitary quality.
